
Foraging behavior



Foraging strategy



Foraging strategy I

Echolocation



Bat: use echolocation to forage
(search and identify prey)

Echolocation: emit ultrasonic calls out to the environment 
and listen to the echoes of those calls thatand listen to the echoes of those calls that 
return from various objects in the environment. 

Bats use the echoes to precisely locate, range, and 
identify the objects and forage.



Sound, sound frequency, and sound travel distance

L f d t l l di tL f d t l l di tLower frequency sound travels longer distanceLower frequency sound travels longer distance



Sound, sound frequency, and sound travel distance

Specific sound frequency can break wine glassSpecific sound frequency can break wine glass



Bats produce ultrasound: 14,000 to well 
o er 200 000 H h so high freq?over 200,000 Hz, why so high freq?

and very loud 120 dBand very loud:   120 dB.



Infrasound of whales



Ultrasounds of various bat species



Why do bats have big ears? 



Echolocation in bats

discovered by Donald Griffiny
at Rockefeller University



Echolocation in bats



Echolocation in Dolphins 



Echolocation in Dolphins 



Foraging strategy II

Information provided by companions

Foraging strategy II

p y p



Ospreys use information from others

Information provided by companions



Foraging strategy IIForaging strategy II

Information provided by companions

(symbolic language)

Bianca Restaurant
5 Bleecker St., New York, NY 10012
nr. Bowery See Map | Subway Directions
212-260-4666 Send to Phone
•Cuisine: Italian•Cuisine: Italian
•Price Range:$$
•Reader Rating: 9 out of 10



Honey bees foragingHoney bees foraging

Foraging worker bees perform dance when they
return to the hive after having found a goodreturn to the hive after having found a good
source of pollen or nectar.

Dances contain a lot of information abut theDances contain a lot of information abut the 
location and distance of the food source.



Honey bee dancey

1.Round dance   

food source is <50 meters



2. Waggle dance   

food source is >50 meters

3. Angle of the dance:

direction to the food
source.



Waggle dance 

The more circles the bee dances, the further the food source 



2. Waggle dance   

food source is >50 meters

3. Angle of the dance:

direction to the food
source.



Proximate mechanism ofProximate mechanism of 
honeybee (worker) foragingy ( ) g g



Honeybee workers 
(lifespan=1month)

1.Hatch ~ 2,3 weeks old:  
Nursing bees (sitters)

2. Then head out, become foragers
a brain area “mushroom bodies”
grows
hormone (JH) increases
a gene “for” (foraging) turns on



Mushroom bodies and honeybee foraging

Mushroom bodies – spatial navigation and memory.

Forager workers have significantly larger (15%) 
h b di th i bmushroom bodies than younger nursing bees.



Correlation between Mushroom body size 
d h b f i b h iand honeybee foraging behavior

The growth of mushroom bodiesThe growth of mushroom bodies
(because of age) causes
foraging behavior?foraging behavior?

Or  foraging causes the size 
of Mushroom bodies increases?

D i i t t t t th ff t?Design an experiment to test the cause‐effect? 

Experimentally remove the mushroom bodies 
OrOr,

Induce the foraging behavior  in younger bees



2. Hormone mechanisms of honeybee foraging

As bees mature into foragers that leave the 
nest the level of Juvenile Hormone (JH)nest, the level of Juvenile Hormone (JH) 
significantly increases.



Correlation between JH hormone level
and honeybee foraging behavior

Higher JH  hormone level causes
foraging behavior?

Or  foraging behavior causes the 
higher level of juvenile hormone?higher level of juvenile hormone?

H d d i h ff ?How do you conduct an experiment to test the cause‐effect? 
Experimentally remove the gland that produces JH.
OrOr
Induce the foraging behavior  in younger bees



3. Gene associated with honeybee foraging

As bees mature into foragers that leave the 
nest “For” (forage) gene turns onnest, For  (forage) gene turns on. 



Correlation between “For” gene turn-ong
and honeybee foraging behavior

Turning on of “For” gene causes
foraging behavior?

Or  foraging behavior causes the “For” 
gene turns on ?gene turns on ?

H d d i i ff ?How do you design an experiment to test cause‐effect? 
Experimentally  “knock‐out” the “For” gene.
OrOr
Induce the foraging behavior  in younger bees



Foraging strategy III

Deceiving preyg p y



Locating prey by deceit



Orb-weaving spiderOrb weaving spider

Ult i l tUltraviolet-
reflecting silkg



Locating prey by deceit



Foraging strategy:

Food caching



Food caching by SquirrelsFood caching by Squirrels



Food caching by birds (New Zealand Robins)



Food caching in birds

Common in Corvidae (crows, jays)
and Paridae (tits, chickadees)( , )
-- both groups stay winter in the North

Why do these birds cache food?
1) Adapt to environment: winter, unpredictable food
2) Phylogenetic effect:2) Phylogenetic effect: 

Blue Jay Black‐capped chickadee



Food caching by Clark’s Nutcrackerg y

Cache  ~98,000 seeds 
per season

Remarkable long-term spatial memory; 
relocate caches of seeds with 
remarkable accuracy, 
nine months later, and even
when the cache sites are buried 
under up to a meter (3 ft) of snow



Food caching requires good memoryFood caching requires good memory    
Hippocampus

1. The more food-storing behavior seen in a 
i th t th hi lspecies the greater the hippocampal

volume. Wild, freeWild, free‐‐ranging birds store food, but captive birds don’t.ranging birds store food, but captive birds don’t.
Food storing is correlated with hippocampus sizeFood storing is correlated with hippocampus size

HippocampusHippocampusHippocampusHippocampus
Food storing is correlated with hippocampus sizeFood storing is correlated with hippocampus size





Forebrain grows bigger during the peak
period of food caching



Hippocampus grows
more new neurons
when chickadees

retrieve foodretrieve food

Do non storing birdsDo non-storing birds
grow new neurons?  



Hippocampus grows
more new neurons

in food-storing 
(black bar)(black bar)

chickadees than
non storingnon-storing 

sparrows (white bar).



Re-caching food when others jays are aroundg j y



1.  Observations: Scrub jays watch where 
conspecifics have cached pilfering them whenconspecifics have cached, pilfering them when 
given the opportunity.

2. Hypothesis 1: Scrub jays adjust their own caching 
strategies to minimize potential pilfering.

(anti-pilfering strategy)(anti-pilfering strategy) 

3. Predictions
Jays would be more likely to re-cache, and 
specifically in new sites unknown to an observer, 
b t l if th h d b t h d d i thbut only if they had been watched during the 
caching trial.



4.  Experimental designs:
Scrub jays were allowed to cache either in 

private (when the other bird’s view was 
obscured) or while a conspecific was watchingobscured) or while a conspecific was watching, 
and then recover their caches in private. 



5. Results
birds re-cached significantly more items during recovery 
when they had been observed during caching.



3. Anti‐pilfering strategy is more likely to happenp g gy y pp
if an individual was a pilferer in the past.



1.  Observations: Scrub jays adjust their own caching 
strategies to minimi e potential pilferingstrategies to minimize potential pilfering.
(anti‐pilfering strategy) 

2. Hypothesis II: Anti‐pilfering strategy may require
the experience of being a pilferer in the past.

3. Predictions:

Pilfer (had experience of pilfering) would re‐cachePilfer (had experience of pilfering) would re cache 
while a conspecific was watching, and then recover 
their caches in private. Observer (no experience of
pilfering) would not re‐cache to new sites.



4. Experimental designs

Birds in the pilferer group had the opportunity to 
listen to, but not observe, another bird caching, 

h ll lf h h lland were then allowed to pilfer those caches. As all 
the birds had received extensive caching 
experience they readily searched for caches evenexperience, they readily searched for caches even 
when they had not seen the storer hide food. 

These birds do not have the opportunity to observe 
conspecifics caching in these experiments, but
have the experience of pilfering.





5. Result

pilferer group re‐cached more 
items during recovery if theyitems during recovery if they 
had been observed during 
caching, and predominantlycaching, and predominantly
in new sites.

6. Conclusion:  the results are consistent with the 
predictions, thus they support the hypothesis 
that jays need experience of being a pilfering 

k h hto know when to re‐cache. 
..



Summaryy

1.  Anti-pilfering strategy is dependent on
social contexts (presence of conspecifics).

22 Great memory: recall the specific tray in2. 2. Great memory: recall the specific tray in 
which they cached while being watched,

3.  3.  Need experience of being a pilferer to know 
when to re-cache. Not require experience of 
observing a con-specific hide food. 



Implications:

1.  Jays remember the past  events, and 
adjust their present behavior to avoidadjust their present behavior to avoid 
potential consequences in the future 
(pilfering)(pilfering).  

2 The jays transferred their previous2.  The jays transferred their previous
experience of being a pilferer to the 
current situation in which their owncurrent situation in which their own 
caches might be stolen. 

3.  Episodic memory and future planning



Foraging strategy III

Infrared heat-sensingg



Our eyes are detectors which are designed to detect 
visible light waves. There are many forms of light (orvisible light waves. There are many forms of light (or 
radiation) which we cannot see with our eyes. 
Actually we can only see a very small part of the 
entire range of radiation called the electromagnetic 
spectrum .



Many animals can see Many animals can see ultraultra--violet light violet light 
(UV light)(UV light)(UV light)(UV light)

Humans see Humans see 
a flowera flower

Bees see theBees see the
same flowersame flowera flowera flower same flowersame flower

Humans cannot see UV light



Some animals can see Some animals can see infrared light infrared light 

Vampire bats Rattlesnakes Bed bugs

Pit vipers, Pythons

They all employThey all employ infrared detectioninfrared detection to help to help 
locate their 'warmlocate their 'warm‐‐blooded' preyblooded' prey



Pit vipers can see Pit vipers can see infrared light infrared light 



InfraredInfrared

InfraredInfrared--sensing pit organs in rattlesnakessensing pit organs in rattlesnakes



Heat‐sensing (infrared) vipers



Pit vipers detect Pit vipers detect infrared radiation heatinfrared radiation heat
emitted by warmemitted by warm--blooded animalsblooded animals

trigeminal neurons in the pit organ sense trigeminal neurons in the pit organ sense 
the heat, signal to the brain the heat, signal to the brain 

TRPA1 gene is very active in these neuronsTRPA1 gene is very active in these neurons
much more heat sensitive than the same gene inmuch more heat sensitive than the same gene inmuch more heat sensitive than the same gene inmuch more heat sensitive than the same gene in
other snakes lacking the pit neurons.other snakes lacking the pit neurons.

TRPA1 gene is also highly expressed in TRPA1 gene is also highly expressed in trigminaltrigminal
neurons in the pit organ of Boas and Pythonsneurons in the pit organ of Boas and Pythonsneurons in the pit organ of Boas and Pythons.neurons in the pit organ of Boas and Pythons.
but not in other snakes lacking pitsbut not in other snakes lacking pits



Vampire bats detect Vampire bats detect infrared radiationinfrared radiation heatheat
emitted by warmemitted by warm--blooded animalsblooded animals

trigeminal neurons in the sensory pits (aroundtrigeminal neurons in the sensory pits (around
the nose, sense the heat, signals to the brain) the nose, sense the heat, signals to the brain) 

TRPV1TRPV1 gene is very active in these neuronsgene is very active in these neurons
much more heat sensitive than the same genemuch more heat sensitive than the same genemuch more heat sensitive than the same genemuch more heat sensitive than the same gene
in other fruit bat trigeminal neuronsin other fruit bat trigeminal neurons

TRPV1TRPV1 gene  does not highly express in other fruitgene  does not highly express in other fruit
bats lacking pits not sensitive to heatbats lacking pits not sensitive to heatbats lacking pits, not sensitive to heatbats lacking pits, not sensitive to heat



Take home message:Take home message:

To adapt for detecting infrared heat,To adapt for detecting infrared heat,

Several groups of animals use the preSeveral groups of animals use the pre--existingexisting
gene that is used for other purposes (chemicalgene that is used for other purposes (chemicalg p p (g p p (
irritants…) shared by many animals but modifyirritants…) shared by many animals but modify
the structure and increase the level of the structure and increase the level of 
expression in specific organ (sensory pits)expression in specific organ (sensory pits)––
endow the animals with sensitive infrared endow the animals with sensitive infrared 
detectors. detectors. 

“Evolution of new abilities does not“Evolution of new abilities does not
necessarily require evolving new genes, butnecessarily require evolving new genes, but
use new variations of very old genes”use new variations of very old genes”



Foraging strategy IIIForaging strategy III

Tool using/
Tool makingTool making











Why  do New Caledonia 
h l d hcrows have evolved such 

intelligence of too-using? g g

But not other species ofBut not other species of 
crows? 



Keys: 1. ecological needs (live in 
forest; feed worms in the trees)forest; feed worms in the trees)

2. bigger brain
3 i i l t t3. unique social structure

Most crow species: Group living

New Caledonian crows: Nuclear family 
living: strong sexual pair bondliving: strong sexual pair-bond,  
extended and strong family bonding.

P t t i th j il ith-Parents train the juveniles with
food as reward, take 3 years. 



Let your offspring have anLet your offspring have an 
extended childhood in a 
stable and loving home, 
with positive reinforcementwith positive reinforcement.



Summary: Strategies of animal 
feeding behaviorfeeding behavior

1. Echolocation – bats, dolphins
2. Acquire information from2. Acquire information from 

companions – osprey
3 S b li l h b3. Symbolic language – honeybees
4. Deceiving preys – spidersg p y p
5. Food caching – jays, squirrels
6 Infrared sensing heat of preys6. Infrared sensing heat of preys
7. Tool using – chimps, crows



Optimal foraging theory

Decision making



Optimal foraging theory

Foraging decisions should be optimal 
f fin the sense of maximizing the fitness

of the decision maker – maximize 
h b fi / ithe benefit/ cost ratio.



Northwestern Crows foraging on 
Wh lkWhelks



Optimal Foraging BehaviorOptimal Foraging Behavior

• A foraging crow has many decisions toA foraging crow has many decisions to 
make:

– Where should it search for food?
– At what time of day?
– For what prey?p y
– How long should it spend trying to 

process the prey that it has found?process the prey that it has found?



Observations  
• Crows picked up large whelks 

(snails) about 3.5 – 4.4 cm long

• They flew up about 5 meters to 
drop their chosen whelk

• They kept trying until the whelk 
broke, even if many flights were , y g
required (One crow took 20 
drops to open one whelk.) 

• Do the birds’ behavior reflect 
Optimal decisions  (maximizing 
whelk flesh per unit time 

• can a crow minimizes its 
expenditure of energy to feed 
on whelks? 

foraging)?



Optimality Hypothesis predictions:
(why drop the whelks at 5m height? we assume 5m is the(why drop the whelks at 5m height? we assume 5m is the
optimal height, they maxmize benefit/cost to getting food) 

• Large whelks should be more likely than small ones to• Large whelks should be more likely than small ones to 
shatter after a drop of 5 meters.

• If 5-m is optimal height, then drops of less than 5 m 
should yield a reduced breakage rate whereas dropsshould yield a reduced breakage rate, whereas drops 
of much more than 5 meters should not greatly 
improve the chances of opening a whelk.

• The probability that a whelk will break should be p y
independent of the number of times it has already 
been dropped.



Crows drop the whelks at 5-meter 
high seems to be an optimal decisionhigh seems to be an optimal decision

Large whelks are more likely than small ones to shatter after a drop of 5 m.Large whelks are more likely than small ones to shatter after a drop of 5 m.

drops of less than 5m should yield a reduced breakage rate, whereas drops of drops of less than 5m should yield a reduced breakage rate, whereas drops of 
much more than 5 m should not improve the chances of opening a whelk.much more than 5 m should not improve the chances of opening a whelk.



Feeding strategy by Japanese crowsFeeding strategy by Japanese crows



Optimal foraging theory II

Animal should choose food items thatAnimal should choose food items that
contribute the most to their reproductive
success (ideally )success (ideally…)



Food selection by howler monkeys

(1) The more common a tree species,
the less likely the monkeys werethe less likely the monkeys were 
to feed on its leaves, they spent 
more time searching out themore time searching out the 
scarcer species.
(2) They preferred the scarcer smaller(2) They preferred the scarcer, smaller
new leaves to the more abundant, 
larger mature leaveslarger mature leaves.
(3) The monkeys often ate only the petiole and 
dropped the larger leaf blade (wasteful?)dropped the larger leaf blade (wasteful?)



It turns out….

The most common tree species had leaves loaded 
with alkaloid poisons, or indigestible tannins.p , g

Among the scarcer, preferred tree species, howlers
sought out just those individuals with lower
levels of alkaloids and tannins.

New leaves contain more water, less nonnutritive 
fiber than mature leaves dofiber than mature leaves do. 

Monkeys eat the leaf part (petiole), that is lowest in 
toxins while discarding the more poisonous leaf blade



RedRed‐‐andand‐‐green macawgreen macawRedRed andand green macawgreen macaw



Red‐and‐green macaws eat clay:Red and green macaws eat clay:
They feed on certain seeds, unripe fruits, leaves 

(high in toxins, alkaloid)(high in toxins, alkaloid)
Clay  detoxification of toxins and alkaloid



Why do humans consume spices?

Nutritive value is low, but we like it



Spices vs. anti-bacteria



Why do humans consume alcohol? The origin?

“…..occasionally a cedar waxwing will become 
drunk or even die from eating berries that 
have fermented…..”

Primates become drunk eatingPrimates become drunk eating
ripe fruits.



The fattest ape - Omnivorep



The Fattest ape : human fatnessp

-Humans have more fat to store energyHumans have more fat, to store energy, 
great advantage during food shortage; 
for brain development during childhoodfor brain development during childhood 

N d th l C i-Neanderthals: Carnivorous 
Large metabolic demands: 4000 calories 

a day
When food (meat) is scarce extinct( )


